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Disclaimer
The contents of this report were based on the best available information at the time of
publication.  It is based in part on various assumptions and predictions.  Conditions may
change over time and conclusions should be interpreted in the light of the latest information
available.
 Chief Executive Officer, Department of Agriculture Western Australia 2003
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1. Abstract
This report compares two alternative approaches for the treatment and management
of salt affected land at Dangin, Western Australia.
The standard management practices as recommended by the Western Australian
Department of Agriculture in 1978 were compared with the interceptor bank system
(known locally as WISALTS banks) as designed by Mr H.S. Whittington, of Brookton.
The aims of the study were:
(a) To determine whether there are benefits from a WISALTS bank system which
would not accrue from standard soil conservation recommendations;
(b) To compare the costs and benefits of the two systems;
(c) To-determine the nature of the effects of the two systems, particularly with
respect to soil salinity.
The expectation of success for the two approaches was different.  The aim of the
Department of Agriculture was to produce a cover of salt tolerant pastures on the salt
affected area, whereas the aim of the Whittington system was to restore the salt
affected area to a condition suitable for the production of normal crops and pastures.
A soil survey was done covering the two treatment areas and deep drilling carried out
to investigate the hydrogeology of both areas.
Monitoring of the two treatment areas began in April 1978 and included
measurements of groundwater levels and salinity, soil salinity, cereal crop production,
pasture cover and observations of surface water movement.
Treatments were implemented in June 1979.  WISALTS banks were constructed on
the Whittington area and on the Department of Agriculture area grade banks were
built and the saline area fenced off and seeded to puccinellia.
Groundwater studies showed that vertical hydraulic gradients in the saline valley floor
were sufficient to cause deep saline groundwater to leak upwards though the subsoil
clays and indurated layers to preserve a permanent saline watertable within 1 metre
of the ground surface.  Although the watertable fluctuated due to seasonal effects,
there was no upward or downward trend over the measurement period.  The
similarity of responses of the watertable in comparative wells on both treatment areas
suggests that in the short term, seasonal effects have a greater influence on
watertable depths than the different land treatments.
On the hillslope, WISALTS banks were cut into relatively porous material and hence
were not effective in sealing off shallow seepage.  On the saline valley floor, where
excess water was being led off to a creekline after heavy rainfall there was a very
slight reduction of the watertable.
Aerial photographs, which were taken annually, showed that changes in the
boundary of the bare saltland occurred on both treatment areas.  This could be due
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to the different seasons of photography and different grazing pressures between the
two areas.  Permanent marker pegs established in 1982 will, in the long term, help to
determine if any permanent changes are occurring.  Soil sampling showed that there
was no measurable change in soil salinity between the two treatments suggesting
that neither area had improved or deteriorated in relation to the other area.  However,
Wenner array surveys showed that the area of mildly affected saltland increased by
2.5 ha in the Whittington area and by 0.5 ha in the Department of Agriculture area,
while the area of severe saltland increased by 1.0 ha in the Whittington area and by
2.8 ha in the Department of Agriculture area.  These changes, which are not easily
confirmed by visual observation or aerial photographs, may be partly due to the
different moisture contents of the soil from one year to the next. '
Cereal test plots showed that saline areas in both treatment areas were incapable of
growing a satisfactory crop in 1982.  For mildly affected saltland, beecher barley
yields in the Department area were 1.6 t ha-1 and in the Whittington area were 1.3 t
ha-1. On moderate to severe saltland, the respective yields were 0.2 t ha-1 and 0.3 t
ha-1.
The total cost of the Department treatment was $790 and of the Whittington
treatment was $884.  After a slow start, the Department's saltland now provides
valuable stock feed in autumn. The Whittington saltland has dried out on the surface
due to the drainage effect of a WISALTS bank, located in the valley floor which
apparently did not leak.
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2. Introduction
An hypothesis that one of the main causes of saltland is the movement of water
through shallow surface soils has gained popular support from some members of the
farming community in recent years.  The hypothesis was originally proposed by a
Brookton farmer, Mr H.S. Whittington, and was further promoted by a farmer
organisation WISALTS (Whittington Interceptor Salt Affected Land Treatment
Society).  They advocate the interception of perched water moving laterally in shallow
soil by excavating a contour channel down to the clayey sub-soil.
WISALTS banks are large banks constructed by bulldozer, either level or on a slight
gradient, with channels 0.5 m or more deep.  They are intended to prevent surface
flow and shallow sub-surface flow from reaching low-lying areas.  It has been claimed
that they will halt and in time reverse salinisation so that affected areas are restored
to a condition suitable for the production of normal crops and pastures.
The Western Australian Department of Agriculture, on the other hand considers that:
(a) Groundwater under pressure occurs beneath most saline valley floors and is
the major cause of surface soil salinity.  Shallow sub-surface seepage is an
additional source of water to saline areas, but this water contains little salt.
(b) Standard soil conservation recommendations including contour cultivation,
maintenance of good plant cover and the installation of absorption banks,
grade banks and grassed waterways, where necessary, give adequate erosion
and water control by:
(i) ensuring that rainfall penetration into the soil is distributed as evenly as
practicable;
(ii) keeping flooding and/or waterlogging of low-lying land to a minimum;
(iii) encouraging water use for plant production on all areas.
(c) Water control measures in or near low-lying land for the purpose of reducing
winter waterlogging are recommended but must not cause a hazard on
adjacent private or public land.  Possible measures include shallow drains and
contour or grade banks.
(d) Channels designed to divert (intercept) seepage water can be recommended
where it can be shown that:
(i) the cost of the drain is justified by the anticipated benefits;
(ii) the drain will cut the seepage responsible for the particular problem;
(iii) diversion of the seepage water can be achieved without transferring the
problem to another site.
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(e) WISALTS banks could be considered for some particular situations in (c), but
are not believed to provide any advantage over the standard recommendations for
general treatment of slopes above saltland.
In view of the differences in interpretation of the causes of salinity problems and their
treatment, a farm was selected north of Dangin (Avon Location 21601} to compare
the two alternative approaches for treatment and management of salt affected land.
An area of 78 ha was chosen on the property of Mr F.J.D. Keast.  The farm was
suggested as a suitable site by Mr Whittington and agreed to by the Department of
Agriculture.  The allocation of the respective treatment areas was determined by the
toss of a coin.
There were differences in the original condition of the saltland.  The Department of
Agriculture area was more eroded than the Whittington area and had groundwater
seepage spots in the winter.  The Whittington saltland did not have groundwater
discharging at the surface in winter.
The aims of the study were:
(a) To determine whether there is any benefit from a WISALTS bank system
which would not accrue from standard soil conservation recommendations.
(b) To compare the costs and benefits of the two systems.
(c) To determine the nature of the effects of the two systems, particularly with
respect to soil salinity.
The effectiveness of the two approaches was to be assessed in terms of:
(a) possibility of cropping areas previously unsatisfactory for crop growth;
(b) costs;
(c) returns;
(d) causes of any observed differences.
The non-saline portion of each treatment area was to have identical farm
management imposed on it, and it was agreed that salt-tolerant species would not be
planted on the Whittington saltland.
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3. Literature Review
Interceptor drains were advocated by van Schilfgaarde (1974) to collect lateral or
horizontal seepage moving down a slope thus preventing it from reaching the area to
be protected.  Interceptors are usually placed at about the upper boundary of the wet
area, and as deep as it is practical to install.  The maximum amount of seepage flow
will be intercepted if the drain is excavated to the impervious layer.
Whittington (1975) stated that the purpose of an interceptor bank, now known as a
WISALTS bank, was to reduce the volume of water moving on the soil surface and
subsurface.  The longer water can be held where it falls, the more beneficial it will be.
Correctly constructed banks should prevent surface runoff, reduce throughflow and
reduce waterlogging in the valley.  He stated that WISALTS banks dried out the
valley flats, stopped the spread of salt encroachment and resulted in pasture
regenerating on previously saline land.
Black (1983) considered that when properly installed, WISALTS banks were
controlling waterlogging and the growth of saline seepage areas.  He noted that
where WISALTS banks had failed, the bottom of the channel was not properly sealed
or the flow of water was escaping through or underneath the bank.
Sixteen farmers were interviewed by Conacher (1983) in 1977 and again in 1981 to
assess the effects of WISALTS banks on their farms during that period.  All of the
farmers experienced problems with their banks, including leakage problems and
water erosion caused by the banks.  Most farmers reported improvements due to the
banks, but all relied on visual observations for their assessments and, as Conacher
pointed out, no objective on-site monitoring was carried out by any of the farmers.
Fifteen of the farmers reported that waterlogging had been reduced to varying
extents following bank construction.  Six farmers reported improvements in soil
properties and others reported increased crop yield and improved pasture growth.
However, nine farmers also reported increases in the area of their salt affected land.
Negus (1983) observed that seepage interceptor drains reduce waterlogging and
improve cereal yields where salinity is only mild in severity or non-existent.  His
measurement in the Upper Great Southern showed that on average, an effective
interceptor can dry a strip 50 m wide downslope.  Improved grain yields, averaging
600 kg ha-1 were measured in the drained strip. After studying the effect of
interceptors on topsoil salinity over a period of ten years, he concluded that under
conditions of vertical upwards groundwater movement, salt will accumulate in the
topsoil regardless of shallow waterlogging control.
The WISALTS bank concept and its potential to control land and stream salinity were
reviewed by Holmes (1979).  He suggested that WISALTS banks should not be
regarded as a general guide to alleviate or cure dryland salting because of the
following deficiencies:
(a) WISALTS banks cannot lessen the hydraulic head gradients because a
shallow cut of up to 1 m depth on a hillside cannot do much to reduce head
differences up to 10 m unless all infiltrating water can be intercepted.  This
would be impossible to achieve.
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(b) On the valley floor the bank channels are too shallow. They may remove
surface water effectively, but they are unlikely to reduce soil salinity.
AN ASSESSMENT OF WISALTS BANKS AT DANGIN
7
4. Treatments
4.1 Department of Agriculture Area
4.1.1 Grade banks
In June 1979, two banks with a grade of 0.4 per cent were constructed on the
catchment above the saltland with a grader.  One bank discharged into a grassed
waterway and the other ended in a contour sill just above a creek.  In June 1980 a
grade bank ending in a contour sill was constructed by a grader immediately above
the saltland.  Two additional spreader banks were constructed in May 1981 to
prevent further gullying of the bare saltland.
4.1.2 Fencing
A fence was erected in November 1979 on 2 sides of the saltland to completely
exclude stock; the other two sides being already fenced.  The total area fenced off
was 6.5 ha.  In May 1981 the northern fence was relocated to coincide with the
Department of Agriculture/Whittington boundary and 90 m of existing fence, which
was in poor condition, was renewed.
4.1.3 Revegetation of saltland
The selection of salt tolerant forage plants for the saline area was based on the
recommendation of Malcolm (1978).  The saltland was classified as a "saline valley
floor" type with a mean annual rainfall of just over 375 mm.  Hence the recommended
plants were: mild saltland -Puccinellia (Puccinellia ciliata) and barley (Hordeum
vulgare); moderate saltland - Puccinellia; severe saltland - samphire (Halosarcia
spp.).
Approximately 2 to 3 ha of saltland were sown to Puccinellia in the autumns of 1979
to 1982 inclusive (see Table I).  Hot dry summers combined with high levels of salt in
the top-soil led to a high failure rate in the early years.  The best establishment was
obtained in 1982 when the ground was roughened with a disc implement thereby
leading to a more favourable environment for seed germination.
In July 1980, samphire seed was broadcast by hand over most of the saltland.  In
May 1981, 5 kg of samphire seed was broadcast over 1 ha of saltland.  In July of that
year, 150 samphire seedlings were tranplanted in 2 transects across the bare saline
flat to gauge the response of the plants to various soil types and moisture regimes.  A
further 30 seedlings were transplanted at the end of the month.  In June 1982, a
samphire/puccinellia/ superphosphate mixture was hand broadcast on disced ridges,
produced by the Mallen Seeder.
The total costs (not including labour) involved in this treatment were:
Contour banks $230
Fencing $250
Revegetation $310
TOTAL $790
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Table 1. Puccinellia establishment history
Year Pre-
treatment
Area
sown
(ha)
Seeding
rate (kg
ha-1)
Fertilizers Total
cost ($)
Remarks
1979 2.8 4.3 Super: 107
kg ha-1
80 Small
germination
noted in
November
but a very
hot dry
summer
caused
most of
these to
die.
1980 Barley grass
burnt.
ParaquotR
applied for
barley grass
control. Pre-
cultivated.
2.6 2 3 Super: 115
kg ha-1
Urea on
established
Puccinellia:
83 kg ha-1
86 Very
patchy
germination
due to
drought.
1981 Pre-
cultivated.
2.0 1.5 Super: 28
kg ha-1.
Urea on
established
Puccinellia:
83 kg ha-1
54 30% of
Puccinellia
sown over
past 2
years has
died.
1982 Barley and
rye grass
burnt.
GramoxoneR
applied at
1.5 L ha-1 for
barley grass
control. Bare
saline
ground
ridged with
Mallen
seeder.
3.2 3 1 Super:
78kg ha-1
90 Good
germination
on disced
ridges, but
poor
germination
on severe
saltland.
Samphire
seedlings
sown last
year
achieved
79%
survival.
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4.2 Whittington Area
In June 1979, 1.5 km of WISALTS banks were constructed according to the
specification of Mr Whittington, at a cost of $810.  Cement piping to allow water to
pass under an access roadway, cost a further $74.  Three WISALTS banks were
contructed - the upper two on non-saline land and the lowest one in saltland.
Although the banks do not have a grade, the upper and lower banks have outlets
directly into the creekline.
AN ASSESSMENT OF WISALTS BANKS AT DANGIN
10
5. Methods
5.1 Groundwater Investigations
Piezometers and observation wells were installed on a 200 x 200 m grid across the
two treatment areas.  In addition, transects of bores were installed at right angles to
interceptor banks at four locations.  The bore-field was established over the periods
April 1978, April 1979 and March 1981.
The bore holes were drilled with a rotary power auger, and 40 mm diameter PVC
tubing was then installed.  In the case of a piezometer (see Glossary for definition),
the tubing was slotted for 1.5 to 2 m at the bottom of the tube and then sealed off
with bentonite clay.  In the case of an observation well, the tubing was fully slotted
and the hole backfilled with sand.
Nests of piezometers to different depths were installed at strategic locations to
determine the vertical hydraulic gradient (see Glossary).  At each site, some or all of
the following types of bores were installed depending upon position in the landscape
and depth to water:
(i) A shallow fully slotted well to approximately 1.0 m depth (determination of
shallow or perched watertables).
(ii) An intermediate depth fully slotted well to approximately 3.0 m (to intersect a
permanent watertable).
(iii) An intermediate depth piezometer to 3.0 m and slotted over the bottom 1.0 m
(to determine potentiometrie head in the subsoil).
(iv) A deep piezometer to 6.0 m or to bedrock and slotted for 1.5 to 2.0 m at the
bottom (to determine potentiometric head in the deeper aquifer zone).
The bores were monitored monthly during the period May 1978 to December 1982.
Water levels were recorded and samples taken from selected bores for laboratory
determination of electrical conductivity (EC) and chloride ion concentration (Cl-).
5.2 Surface Water Observations
In July 1981, the extent of flooding and waterlogging was mapped.  Flooded land was
defined as land where free water was found ponding on the ground surface, while
land that was obviously saturated from the surface down through the topsoil was
classified as waterlogged.  The assessment was repeated in August 1982.
5.3 Soil Salinity
Two methods were used to obtain quantitative measurements of the soil salt content
- mechanical sampling and field conductivity measurement.
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5.3.1 Mechanical sampling
This was carried out by sampling on a 200 x 200 m grid using a 40 mm diameter
hand auger to take samples at 0.25 m intervals down to 1m.  The samples were oven
dried in the laboratory and 1.5 soil water extracts made.  The supernatant was
analysed for EC and % Cl-.  The first sampling was carried out in May 1978 and
repeated in November 1980 and May 1982.
5.3.2 Field conductivity measurements
These measurements were carried out using a Wenner Array.  The instrument
consists of four brass electrodes fixed at equal distances, and are inserted into the
soil.  The electrodes are connected to a resistivity meter, which injects an electrical
current into the ground via the outer electrodes while the inner electrodes measure
the current flow and convert to resistance.
The method has some shortcomings in that measurement of soil electrical
conductivity (EC) depends upon its texture, structure, moisture content, temperature
and salinity.  This means that it is not possible to establish a simple relationship
between measured EC and soil salinity.  Also, it is assumed that the depth over
which the EC is measured corresponds to the interelectrode spacing.  This
assumption may hold true for homogeneous soils, but not for profiles with changing
texture and salt content.
Surveys were carried out in October 1978, August 1979, July 1981 and August 1982.
The October 1978 survey was used to assess the technique and only a few random
points were chosen for measurement.  The August 1979 survey was carried out on a
70 x 70 m grid with inter-electrode spacings set at 0.3, 0.6, 0.9 and 1.8 m.  The
season was too dry in 1980 for a survey, since the soil needs to be at field capacity to
obtain a satisfactory electrical contact between electrodes and the soil.  In July 1981,
a survey was conducted on a 50 x 50 m grid with inter-electrode spacings set at 0.15,
0.30, 0.60 and 0.90 m. This was repeated in August 1982.
5.4 Saltland Assessment
The following methods were used to assess the vegetation status of the saltland:
5.4.1 Aerial photography
The Lands and Surveys Department photographed the area at a scale of 1:10 000,
on the following dates:
Date Type of photography
October 1977 Black and White
December 1977 Colour
January 1978 False colour infra-red
November 1978 Colour
December 1979 Colour
August 1980 Colour and false colour infra-red
August 1981 Colour
October 1982 Colour
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5.4.2 Ground photography
Colour and black and white photographs were taken of both treatments at random
spots and various times over the 5 year period.  Photography included general views
of the treatment areas, response of pastures and crops sown on saltland and
flooding/waterlogging situations.
5.4.3 Pasture cover assessment
Ground cover mapping of the saltland on both treatment areas was carried out in
December 1981 and again in December 1982.  No mapping was carried out prior to
this.
The pasture species mapped included sea barley grass (Hordeum ittarinum), water
buttons (Cotula coronopifolia) and toad rush (Juncus bufonius).  The latter is
commonly associated with waterlogged conditions on certain soil types in the central
wheatbelt (J. Grasby, personal communication).  In the Department of Agriculture
area, Puccinellia was included with the barley grass.
5.4.4 Marker pegs
In March 1982, steel pegs were placed at selected sites to mark the edge of the bare
saltland.  The positioning of these pegs was determined on-site by representatives of
both WISALTS and the Department of Agriculture.  The pegs in the Whittington
treatment area delineate the boundary between the bare saline ground and ground
which supports patchy barley grass.  Similar terms applied for placement of pegs in
the Department of Agriculture area, except that Puccinellia was included along with
barley grass to delineate the boundary.  Samphire and annual succulents were
excluded as indicator plants.  This more definite identification will help to determine if
any permanent changes, either beneficial or adverse, occur.
5.4.5 Cereal test strips
In 1979, 1980 and 1982 cereal crop test strips were sown at right angles to the salt-
fresh soil boundary in both treatment areas.  The location of the two plots is shown in
Figure 2.  The purpose was to provide a record of grain yields over the years, and
thereby reflect any major changes in the soil salt content.
The plots were 7 x 100 m with alternating strips of Gamenya wheat and Beecher
barley.  They were harvested by sampling a one square metre quadrat at 10 m
intervals.
The Whittington plot was different to the Department of Agriculture plot in that a small
gully or depression bisected the former plot at 40 to 60 m from the northern end.
This gully was often waterlogged and flooded in winter.
5.5 Soil Ethylene Analysis
In August 1978 and September 1982, soil ethylene contents were measured.  Soil-
water samples were collected with a syringe; the bottom of which was removed and
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covered with fine nylon mesh.  The syringe was inserted into saturated soil and a
sample of water obtained.  This was transferred into air tight bottles and stored in ice.
Analysis was carried out on a gas chromatograph at Murdoch University.
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6. Results
6.1 Soils
Figure 1 shows the various soil types occurring within the two treatment areas, and
Tables 2 and 3 briefly describe and give the areal extent of each type.
Figure 1. Map showing distribution of soil types.
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Table 2. Description of Soils
Symbol Description
1 Grey medium sand overlying sandy clay at 0.5 to 2 m.
2 Grey sand to loamy sand overlying sandy clay at 0.5 m.
3A Grey loamy sand overlying ironstone gravel at 0.5 m and clay
at 0.8 m.
3B Brown loamy sand, with some gravel patches at the surface.
3C Brown fine loamy sand.
3D Brown gravelly loamy sand with ironstone rocks on the surface
and clay at 0.2 m.
3E Grey brown loamy sand.
3F Red brown loamy sand.
3G Red brown gravelly loamy sand, grading to orange brown
sandy loam with depth.
4A Grey sandy loam over mottled sandy clay at 0.5 m.
4B Red brown gravelly sandy loam.
5 Grey silty loam.
6A Grey gritty sandy clay loam.
6B Red brown gritty sandy clay loam.
S Saline soil.  Bare surface with a white salt crust during spring
and summer, or supporting patchy barley grass.
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Table 3. Areas of soils
Dept. of Agriculture Area Whittington Area
Soil Type (ha) (%) (ha) (%)
1 5.0 15.1 0 0
2 1.8 5.4 0.9 2.0
3A 12.4 37.3 14.6 32.2
3B 1.5 4.5 2.8 6.2
3C 0 0 1.3 2.9
3D 1.9 5.7 3.5 7.7
3E 0 0 3.6 8.0
3F 1.8 5.4 0 0
3G 3.6 10.8 5.4 11.9
4A 0 0 3.6 8.0
4B 0 0 1.2 2.7
5 0 0 0.4 0.9
6A 0 0 2.4 5.3
6B 0 0 1.0 2.2
S 5.2 15.7 4.5 10.0
Totals 33.2 99.9 45.2 100.0
Tables 2 and 3 indicate that the most common soil type in both treatment areas is a
grey loamy sand overlying lateritic gravel and sandy clay.  Sand-seams or spillways
(Mulcahy and Hingston, 1961) consisting of 0.5 to 2m of sand overlying sandy clay
extend downslope in "tongues" in a number of places.
Appendix 2 includes data on pH and exchangeable cations from 3 sites selected at
random in the Department of Agriculture area.
6.2 Deep Drilling
Deep drilling showed the presence of indurated layers (hardpans) and lateritic gravel
horizons within 1 to 1.5 metres of the ground-surface at some sites.  These hard
layers were of variable thickness, up to 2 m.
A thick zone of pale coloured kaolinite clay was encountered in most holes.  Its
moisture increased with depth, eventually reaching saturation.
The clay was very gritty just above bedrock, which ranged from 7 to 27 m.
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In the valley, alluvial-colluvial deposits consisting of alternating beds of gravel or sand
and clay were present.
Soil samples were taken from some holes and chloride ion storages calculated.  The
storages ranged from 5.7 to 17.7 kg m-2 of Cl- (assuming a bulk density of 1700 kg
m-3).  Maximum concentrations occurred at 5 to 10 m depth.
6.3 Groundwater
Figure 2 is a potentiometric map of the deep groundwater.  It was constructed by
relating the water levels in the deep piezometers to a common datum (in this case,
mean sea-level).  Groundwater movement is shown with lines drawn at right angles
to the equipotential lines.
This map shows the situation in December 1982 and the pattern has changed very
little over the observation period.  In this subcatchment, groundwater is moving from
northeast to southwest toward the saline areas on the valley floor.
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Figure 2. Map showing groundwater equipotentials and flow lines, at
December 1982.
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Figure 3. Cross-sections showing position of the watertable in relation to
WISALTS banks.
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Figure 3 shows cross-sections at 4 different locations across WISALTS banks.  The
sections show the depth of each borehole and give the position of the phreatic
surface (permanent watertable) and ephemeral perched watertables, for a wet and
dry season.
The levels plotted represent extreme fluctuations of the watertable.  On 8 May 1981,
the watertable was at one of its lowest levels/ while just over one month later
(10/6/81) it had reached one of its highest levels.  This was after a 150 mm fall of rain
during a 2 week period.  (Note: Figure 3(d) compares watertable levels for a different
period: 8/9/82 and 2/12/82).
Bach cross-section shows that the usual position of the shallow watertable is below
the WISALTS bank channel, so that the banks contain no water for at least 6 months
of the year.  During the winter months the watertable rises and intersects the bottom
of the WISALTS banks, particularly on the lower slopes, and valley floor.  On the
hillslopes ephemeral perched watertables develop after heavy rainfall and contribute
water to the WISALTS banks.
Figures 3(a) and 3(c) show an ephemeral perched watertable on the hillslope.  The
salinity of this watertable is generally much less than the permanent watertable and is
generally around 100 to 200 mg L-1 Cl-, but sometimes is considerably higher (i.e.
around 1000 mg L-1 Cl-) for a short period of time.
The intermediate depth wells at sites 9.2 and 9.3 showed fairly rapid response to the
rainfall event and rose by almost 1.5 m in the period 8/5/81 to 10/6/81.  This indicates
that shallow groundwaters are recharging the deep aquifer at this point.
The deep piezometers at sites 9 and 9.1 did not rise at all in this period, but within the
next 4 months rose by 0.7 m, indicating a time lag for recharge to the aquifer.
The presence of the WISALTS banks in the landscape appears to have had little
influence upon the watertable, even during the wettest periods.  A slight drawdown of
0.15 m was observed at site 16.4 on 10/6/81.  The WISALTS bank was harvesting
overland flow and shallow seepage during this wet period and leading it off to the
creekline.  The WISALTS bank had no effect on watertable depths downslope of the
bank.
Figure 4 compares selected hydrographs from the two treatment areas.  These show
the changes in waterlevel with time for shallow and deep bores.  (Appendix 3 gives
static water levels and salinities for bores in both areas for July 1978 and July 1982).
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Figure 4. Graphs showing water level fluctuations for shallow and deep
bores in both treatment areas.
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Site 10 in the Whittington treatment area is located on the edge of moderately salt
affected land and the ground supports a cover of thick sea barley grass.  The site is
located 75m downslope of the middle WISALTS bank.  Site 31 is located in the
Department of Agriculture treatment area, well outside the zone of influence of
WISALTS banks.  The ground is mildly salt affected and supports rye grass (Lolium
rigidum).
The shallow wells at both sites are 1.0 m deep and fully slotted.  The deep
piezometers were installed to almost 6 m depth and are slotted over the bottom 1.5
m.  The shallow wells respond rapidly to rainfall events with sharp winter peaks and
then drop back to a more stable level during the drier months.  The peaks rise by 0.2
to 0.5 m from the mean level, which is at about 0.55 m below the ground surface at
both sites.  This is well within the critical level for capillary action to occur.  At no time
during the observation period did the wells become dry.
Apart from fluctuations caused by rainfall the watertable on both treatment areas (as
indicated along with other shallow wells) has shown no upward or downward trends
since 1978.  If the graphs for site 10 and site 31 are superimposed they show an
almost identical pattern.
The deep piezometers show a more complex response to rainfall, and the peaks are
not as large.  There appear to be two pulses - an initial fairly rapid response to rainfall
and a delayed response of up to six months, with a broad peak in the hydrograph
occurring during the summer months.
The only significant trend occurred in late 1981 when the deep piezometer at site 10
showed an increasing trend, so that the potentiometric surface reached the ground
surface for the first time in February 1982.  This trend is mirrored at site 31, but is not
quite as pronounced.
At both sites, along with other sites in the saline valley the static level of the water in
the deep piezometers was at a relatively higher elevation than the static water level in
the adjacent shallow well.  This indicated an upward vertical hydraulic gradient,
thereby causing deep saline groundwater to leak upwards through the clayey
subsoils to maintain a shallow saline watertable.
The salinity of water in the shallow well at site 10 fluctuated between 1500 and 7500
mg L-1 Cl- while water in the shallow well at site 31 ranged between 1000 and 4000
mg L-1 Cl-.  The deep piezometers showed less extremes with site 10 ranging
between 4000 and 6000 mg L-1 Cl- and site 31 ranging between 6000 and 7000
mg L-1 Cl-.  None of these bores showed any trends to suggest that groundwater
salinity was increasing or decreasing.
Other bores within the two treatment areas showed similar fluctuations in waterlevel
and salinity.  There were no significant trends to suggest that either treatment was
having an effect on the groundwater.  If there were any treatment effects, the
seasonal effects were masking them.
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6.4 Surface Water
In July 1981, Mr Keast reported the ground downslope of the middle WISALTS bank
was wetter than he had ever seen it. He did not attempt to seed the gully because of
its waterlogged state.
During the 1981 winter, waterlogging and flooding was very noticeable along the
fence-line between sites 10 and 16 and in the gully adjacent to site 10.  (See Fig. 5.)
This was a similar pattern to the previous relatively wet winter of 1978 when a similar
pattern of flooding and waterlogging was observed.
In December 1981, Negus (personal communication) observed that: "A waterlogged
hollow below the second WISALTS bank has not been cured.  The WISALTS bank
channel reveals that it is excavated into lateritic material, which could be rather
porous.  The end of the channel has not been brought out to ground level and is
therefore ponding water along the channel.  Both factors produce ideal conditions for
water breaking through the bank."
The lower WISALTS bank was observed to have some beneficial effect by
intercepting overland and shallow sub-surface flow and leading it off to the creekline.
Observations in December 1981 showed that the wheat crop in the waterlogged
areas of both treatments had pinched grain.  In flooded areas the crop was very
stunted and even failed to germinate in places.  Large areas of weed (e.g. Juncus
spp. and Cotula) occurred in these spots.
Table 4 summarises the total areas of flooded and waterlogged land for both
treatment areas in 1981 and 1982.
Table 4. Area of flooding and waterlogging.
Year Treatment Waterlogged and
flooded area (ha)
% of total area
1981 Whittington Area
Dept. of Agriculture
1.5
3.0
3.3
9.1
1982 Whittington Area
Dept. of Agriculture
0.6
2.3
1.2
6.8
Figures 5 and 6 are maps showing affected areas in the two years.  The Department
of Agriculture area was more affected than the Whittington area, probably because of
the significant contribution of water by the seepage area in the centre of the saltland.
Both areas showed a decrease in 1982 due to the relatively drier winter.
AN ASSESSMENT OF WISALTS BANKS AT DANGIN
24
Figure 5. Map showing the extent of flooding and waterlogging in July 1981.
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Figure 6. Map showing  the extent of flooding and waterlogging in August
1982.
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6.5 Soil Salinity
6.5.1 Mechanical sampling
Appendix 3 presents soil salinity data as % Cl~ for the two treatment areas in 1978,
1980 and 1982. The 1982 data showed a 71% reduction in % Cl~ values in the
Whittington treatment area and a 76% reduction in the Department of Agriculture
area. Nulsen (personal communication) measured Cl~ fluxes of 5 kg m~2 month"-'-
into and out of the surface metre of a sandy clay loam. A single storm during summer
can move the peak concentration from the surface to a depth greater than 0.6 m. A
rainfall of 105 mm in the preceding January probably caused the downward leaching
of salt. Overall, there has been no significant change in soil salinity between the two
treatment areas and hence no evidence to suggest that one area has improved or
deteriorated in relation to the other area.
6.5.2 Field conductivity measurements
Figures 7 and 8 are maps showing the areal distribution of salinity in the 0 - 0.3 m
horizon for August 1979 and August 1982. The salt status of the soils was mapped
using the following salinity classes:
Class Electrical Conductivity (EC) (mS m-1)
I Less than 10
II 10 to 50
III 51-100
IV 101-300
V Greater than 300
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Table 5. Areal extent of salinity classes
1979 1982
Treatment Class ha % ha %
I 24.4 73.6 23.4 70.1
II 2.9 8.8 3.4 10.2
III 1.5 4.6 0.8 2.3
IV 4.3 13.0 2.9 8.8
Dept. of
Agriculture
V 0 0 2.8 8.3
Total II-V 8.8 26.4 9.8 29.6
I 33.4 71.6 28.8 63.7
II 7.2 16.0 9.7 21.5
III 2.1 4.7 3.0 6.6
IV 3.0 6.6 2.1 4.7
Whittington
V 0.6 1.2 1.6 3.6
Total II-V 12.9 28.4 16.4 36.3
Table 5 compares the areal extent of the salt affected soils for the two treatments in
1979 and 1982 and shows that the area of saltland (classes II, III, IV, V) increased by
7.9% in the Whittington area and by 3.2% in the Department of Agriculture area.
Classes II and V showed the biggest increases.  Class II represents a transitional
area from non-saline land to land prone to waterlogging and very mild salinity.  The
increase in area of this class may represent wetter conditions in 1982 rather than
actual increases in salt-level of the soils.
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Figure 7. Map showing soil salinity classes in terms of electrical conductivity
(EC) measured with the Wenner array for the 0-0.3 m depth range in
August 1979.
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Figure 8. Map showing soil salinity classes in terms of EC measured with the
Wenner array for the 0-0.3m depth range in August 1982.
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6.6 Hydrological Response of WISALTS Banks
Figure 9 is depth and salinity versus time graphs for water ponding in WISALTS
banks at three different locations.  They show that the WISALTS banks were
generally dry during summer and autumn months, except after heavy rainfall events.
Water ponded in all banks except for the southern half of the top bank from June until
October.  The mean depth of water in the bank channels was about 0.3 m, except for
short periods after heavy rainfall when depths reached 0.5 m.  The major source of
this water was probably overland flow as evidenced by rills and gullies extending
upslope of the WISALTS bank channel.  However shallow seepage would continue to
contribute water to the bank channel following rainfall.
Figure 9. Depth and salinity of water in WISALTS banks versus time.
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At site 9.4 (not graphed), a shallow well downslope of the WISALTS bank contained
water for a longer period than the shallow well upslope of the bank.  This also
occurred at sites 9.1 and 46.1 indicating that "bank storage" is causing conditions to
remain wetter below the bank for a slightly longer period.
The farmer (Mr D. Keast) commented upon the wetness of the land below the second
WISALTS bank and considered that it was probably leaking. He thought that the
lower WISALTS bank was drying out the land below it, because a reasonable volume
of water was being drained off the area.
At the end of August 1981, after 15 rainless days and clear skies, the WISALTS
banks showed very little drop in water level.  In the same period, shallow wells
dropped slightly and deep bores rose.  This indicates that shallow sub-surface flow in
duplex soils would account for maintenance of the static level in the channel for some
period after the rainfall event.
The salinity of the ponded water showed considerable fluctuation at all sites.  At site
52.5 the Cl- content varied from 41 to 9 908 mg L-1. At site 46 the range was 35 to
377 mg L-1, at site 9.4 it was 12 to 986 mg L-1 and at site 16.4 it was 750 to 16 682
mg L-1.  The trend is for the lowest salinity to occur at the beginning of winter and
increasing in spring as evaporation concentrates salt in solution.
6.7 Aerial Photography
Careful study of pre-treatment and post-treatment aerial photographs showed that
some changes in the boundaries of the area of bare saltland occurred on both
treatment areas.  The assessment is somewhat subjective because the photos were
taken at different times of the year, and the cropping and grazing management varied
over the years as shown in the following table.
Table 6. Cropping and grazing management history of the treatment areas.
Year Area above
saltland in both
treatment areas
Saltland
Whittington area      Department Area
1978 Cropped with wheat Mild saltland – seeded with barley on both
areas
1979 Pasture Normal grazing Puccinellia sown, not
grazed
1980 Pasture Seeded with barley Grazed in March
1981 Cropped with wheat Normal grazing Puccinellia and
samphire sown, not
grazed
1982 Cropped with lupins Normal grazing Puccinellia and
samphire sown, not
grazed
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The saltland of the Whittington treatment area has been subjected to a greater
grazing pressure than the Department of Agriculture area.  That is, in 1979, 1981 and
1982 the Whittington saltland was grazed whilst the Department area was not
grazed.  This was reflected in the 1981 photography by the tone contrast between
the two areas.
6.8 Pasture Cover
Table 7 and figure 10 shows the distribution of pasture cover for both treatment
areas in December 1982.  Unfortunately, pasture cover assessment was not made
prior to 1981, so comparisons cannot be made.
Table 7. Pasture ground cover 1982.
Department of Agriculture WhittingtonPasture
(ha) (%) (ha) (%)
Non-saline
pasture
27.0 81.3 37.1 82.1
Barley grass 4.8 14.5 4.7 10.4
Water buttons
Toad rush
0.5 1.5 1.6 3.5
Bare salt 0.9 2.7 1.8 4.0
Totals 33.2 100.0 45.2 100.0
6.9 Cereal Test Plots
Figure 11 shows cereal yields in both treatment areas for 1979, 1980 and 1982.
Unfortunately, in both 1979 and 1980, some of the crop in the Whittington plot were
eaten by vermin and/or sheep.  Weed control in both plots was never very
satisfactory and rye grass competed with the crops.
The highest yields for both treatment areas occurred in 1982.  This would be a
reflection of the relatively wet year.  Yields in the Whittington plot showed a rapid
drop at 40 m from the northern end, where a gully bisects the plot and was often
flooded in winter.  The exception is the barley yield in 1980, which showed vigorous
growth in this normally waterlogged depression.  Because 1980 was a relatively
severe drought, the more salt tolerant barley would have responded to the moister
conditions within the depression.
In the Department of Agriculture plots, average yields drop from 1.5 t/ha-1 to 0.5 t ha-1
at 60 m from the eastern end.  At 90 m, severe salinity means crop growth is non-
existent.
Because of site variability and the presence of weeds and grazing, the yield
differences between the two treatments cannot be compared.
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Wheat yield was measured in three transects across two WISALTS banks on the
hillslope in December 1981.  The highest yields occurred in the vicinity of the lower
WISALTS bank and may be a response to a better moisture regime, perhaps due to
"bank storage".  However, this cannot be substantiated because no transects were
done outside the area of influence of the WISALTS banks.
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Figure 10. Map showing distribution of pasture cover in December 1982.
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Figure 11. Cereal yields along each plot for both treatment areas.
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6.10 Soil Ethylene Analysis
The 1978 sampling for soil ethylene concentration was carried out in the Whittington
treatment area in a waterlogged depression near site 10.  Eleven soil samples and 8
soil-water samples were collected.  The highest value obtained (0.15 ppm) was for
soil in the waterlogged saline area.  Most values were around.0.08 ppm.
In 1982, ethylene content on the Department of Agriculture saltland ranged from 0.06
to 1.02 ppm.  In the Whittington area, values ranged from 0.84 to 10.17 ppm in the
waterlogged saline area.  The significant increase could be due to the fact that the
sampling site was waterlogged for a long period of time and had large amounts of
organic matter on the ground surface.  It is generally accepted that ethylene
concentrations of about 1 ppm begin to have a deleterious effect on plant growth.
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7. Discussions and Conclusions
7.1 Discussion
There is some public confusion on the roles of salinity and waterlogging in land
degradation.  Both occur in similar positions in the landscape and both result in the
lack of plant growth.  There is an important physiological interaction between
waterlogging and salinity (Barrett-Lennard, 1984).  A reduction in waterlogging can
be expected to improve plant growth on soils subjected to both salinity and
waterlogging.
Control of flooding and waterlogging is important because excess surface water:
(i) Impedes plant growth and reduces water use
(ii) Reduces soil vegetative cover in spring, thus increasing the rate of capillary
rise of salts in summer
(iii) May contribute to the level of groundwater.
(iv) May modify salt transport systems so that mass transport is possible for part of
the year.
Hence waterlogging can increase the rate of development of surface salinity and
permit salt to accumulate at the ground surface.  In this case, properly constructed
interceptor drains as distinct from WISALTS banks will have a positive benefit.
The main areas affected by flooding and waterlogging appeared to occur at the break
of slope along the outer saltland margin.  Comparison with the EC map shows that
these areas had EC values between 10 and 50 mS m-1.  The speculation is that
these soils have the potential to increase in salinity, especially if poorly managed.
WISALTS banks were found to have no significant effect on the shallow watertable
(either perched or permanent).  However, WISALTS bank channels which pond water
may possibly be causing recharge to the deep aquifer.  This is evidenced by the build
up of a groundwater mound below the middle WISALTS bank at site 9.4.
7.2 Limitations
The two treatment areas were initially dissimilar and the artificial boundary between
them made correct treatment of either side difficult.  This applied particularly to the
correct design of a grade bank system in the Department of Agriculture treatment
area, since without constraints the banks would have been graded north across the
paddock.
Another problem was encountered with the treatment of the wet seepage area on the
Department of Agriculture area.  Contour banks were required to control erosion of
the bare saltland, but the only possible disposal point was the centre of the seepage
area, thus exacerbating the flooding of that area.
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7.3 Conclusions
The study suggests that at this site there were no extra benefits from a WISALTS
bank system, which would not accrue from standard soil conservation practices.
Both systems encouraged a more even distribution of rainfall on the sloping land and
helped in the prevention of soil erosion and the flooding and waterlogging of low-lying
land.  Both systems had limitations with regard to the control of flooding and
waterlogging.
The two bank systems had little effect on soil salinity control.  Neither treatment area
was capable of growing cereal crops on the saltland at the end of the study.  Their
main effect was surface water control.
The similarity of the responses of the watertable in comparative wells on both
treatment areas suggests that in the short term, seasonal effects have a greater
influence on watertable depths than the different land treatments.
On the hillslope, the banks did not cut-off ephemeral perched watertables.  In fact,
soil downslope of the banks remained wetter for longer periods than soil upslope.  It
is possible that water ponding in bank channels for long periods was causing leakage
in both the horizontal and vertical directions.
On the valley floor, where excess water was being led off to a creekline, there was a
very slight reduction of the watertable after heavy rainfall.  However the banks did not
reduce the watertable to the extent that upward capillary rise would no longer
transport salt to the soil surface.
This study has shown that neither land management strategy was effective in
reclaiming salt effected land for normal agricultural use.  However, the objective of
the Department of Agriculture was to produce halophytic pastures from its designated
area.  This objective was only partly met over the five years with considerable
improvement in pasture cover in the final year.  The results show that WISALTS
banks can be effective in controlling surface and shallow sub-surface water flow and
thus reduce waterlogging in prone areas.  However the results do not support the
claim that WISALTS banks stop salt encroachment and return land to normal
agricultural productivity.
7.4 Recommendations
It is recommended that strategic piezometers continue to be monitored at three
monthly intervals in both treatment areas.  Aerial photography will continue to be
flown in the spring of each year to monitor any long-term changes in the boundaries
of the saltland.  The fence along the western boundary of the Department's saltland
was not re-aligned and there is saltland outside the fence.  The fence should be
moved so that at least 20m of non-saline land is included inside the fence.  Another
grade bank should be installed adjacent to this fence.
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10. Glossary
Aquifer - A layer or zone below the soil surface which transmits water more easily
than surrounding layers.
Groundwater - Water occurring in the soil or subsoil beneath the watertable.
Watertable - (also known as the Phreatic Surface) - The upper free surface of water
in the soil. It is measured by the elevation of water in wells, which penetrate only a
short distance into the saturated zone.
Perched Watertable - A local watertable, usually seasonal and separated from the
groundwater body by an unsaturated and slowly permeable subsoil.
Seepage - Water that has infiltrated the soil may encounter at shallow depth a layer
of lower permeability and move laterally along it until it moves out to the surface
again at a lower point.
Observation Well - A length of slotted tubing which is lowered into a bore hole and
backfilled with sand around the outside of the tube. Water can freely enter the tube
along its entire length, thus giving the position of the watertable in the soil.
Piezometer - A tube inserted and sealed into the soil, with the bottom metre or so,
slotted to allow entry of water. Water cannot travel along the outside of the tube and
so the pressure of the water in the soil at the bottom of the tube may cause water to
rise in the tube. The height to which the water rises is a measure of the hydraulic
pressure at the bottom of the tube - also known as Hydraulic Head or
Potentiometric Head.
Hydraulic Gradient - The change in hydraulic head per unit distance in the direction
of flow.
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11. Appendix 1
Monthly rainfall record, Keast, Dangin.
Month Rainfall (mm)
1978 1979 1980 1981 1982
January 0 16.8 0 2.3 105.4
February 82.3 31.5 8.6 69.9 0
March 0 7.5 0 1.3 9.4
April 23.4 32.0 19.1 14.2 0
May 45.2 30.9 55.6 83.2 34.3
June 41.7 65.7 40.1 64.4 59.2
July 106.1 24.6 50.4 59.0 40.4
August 36.3 60.7 44.0 54.6 65.2
September 26.3 16.0 8.4 14.0 44.6
October 21.3 1.8 20.4 15.8 9.5
November 32.7 25.2 4.3 35.9 6.3
December 5.8 0 13.7 6.6 0
Totals 421.1 312.7 264.6 421.2 374.3
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Appendix 2. Soil analysis for three positions in the landscape.
Depth (m) 0 0.25 0.50 0.75 1.00
Site 28 – Middle Slope
Texture Loamy
sand
Sandy clay
Loam
Sandy clay Clay Clay
% Cl- 0.005 0.002 0.008 0.008 0.006
pH 6.0 6.0 5.7 6.4 6.5
C.E.C.* 6.3 5.5 6.7 5.8 6.4
% Exch.
Ca2+
52 65 57 47 44
% Exch.
Mg2+
6 9 21 28 34
% Exch. K+ 6 3 2 2 1
% Exch.
Na+**
1 2 3 4 6
Site 30 - Lower slope
Texture Loamy
sand
Loamy clay Clay Clay Ciay
% Cl- 0.04 0.01 0.01 0.01 0.16
PH 5.4 6.3 6.1 5.8 6.0
C.E.C.* 5.3 6.3 7.7 6.4 7.2
% Exch.
Ca2+
58 42 21 11 7
% Exch.
Mg2+
13 32 47 51 50
% Exch. K+ 2 1 1 1 1
% Exch.
Na+**
2 5 9 13 18
Site 32 - Valley floor
Texture Sandy clay
loam
Sandy loam Gritty Clay Gritty Clay Gravelly
Clay
% Cl- 0.80 0.11 0.12 0.10 0.09
pH 8.9 7.1 8.6 9.1 9.4
C.E.C.* 5.9 4.3 11.8 12.8 12.4
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% Exch.
Ca2+
45 41 36 25 10
% Exch.
Mg2+
17 25 37 46 58
% Exch. K+ 2 2 1 1 2
% Exch.
Na+**
36 32 25 28 31
* C.E.C. = Cation Exchange Capacity (milli-equivalents per 100 g)
** also known as exhangeable sodium percentage (ESP)
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Appendix 3.
Borehole data.
Whittington treatment area
Static water levels (m)* EC (mS m-1)**
Bore
No.
Depth
(m)
Screen
length
(m)
July
1978
July
1982
Dec1978 Dec
1982
July
1978
July
1982
Dec
1978
Dec
1982
7A 0.95 0.95 Dry Dry Dry Dry - - - -
7D 14.54 1.50 10.54 11.36 10.58 11.15 2260 - 2120 -
8D 6.53 1.50 5.00 4.50 5.30 4.41 219 - 212 211
9A 1.02 1.02 Dry Dry Dry Dry - - - -
9B 2.43 1.00 Dry 2.46 Dry 2.43 - - - 82
9C 5.58 1.50 5.15 4.91 4.96 4.76 326 315 297 202
10A 1.06 1.06 0.52 0.38 0.69 0.66 1158 1652 1686 1477
10B 2.67 1.00 0.48 0.38 0.63 0.61 1472 - 1546 1582
10C 6.67 1.50 0.39 0.59 0.33 0.25 1285 1297 1272 1376
15A 1.02 1.02 Dry 0.93 Dry Dry - 64 - -
15C 8.75 1.50 6.32 4.39 4.73 4.35 601 - 608 675
16A 0.99 0.99 Dry 0.78 Dry Dry - 182 - -
16B 3.25 1.00 1.08 0.92 0.99 0.92 1115 1056 1038
16C 6.01 1.50 1.05 0.91 0.96 0.91 1412 1438 1445 1479
17A 1.04 1.04 0.39 0.40 0.62 0.57 2620 1060 1500 2980
17B 2.59 1.00 0.46 0.44 0.50 0.45 2185 2540 2050 2250
17C 6.18 1.50 0.38 0.30 0.32 0.30 2470 2370 2490 2420
* Depth to water below ground-level (negative sign indicates water stands
above the ground surface).
** Electrical conductivity in milliSiemens per meter.
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Borehole data.
Department of Agriculture treatment area
Static water levels (m)* EC (mS m-1)**
Bore
No.
Depth
(m)
Screen
length
(m)
July
1978
July
1982
Dec
1978
Dec
1982
July
1978
July
1982
Dec
1978
Dec
1982
20A 1.04 1.04 Dry Dry Dry 0.89 - 42 - -
20C 17.96 1.50 10.55 10.44 10.46 10.21 222 - 211 427
22A 1.17 1.17 0.59 0.68 Dry Dry 83 74 - -
22C 8.42 1.50 3.36 3.08 3.25 3.09 986 931 1055 714
23A 0.99 0.99 Dry 0.40 Dry Dry - 1247 - -
23B 2.68 1.00 0.77 0.43 0.92 0.53 392 - 406 403
23C 5.25 1.50 0.38 0.23 0.32 0.27 512 419 494 241
31A 1.03 1.03 0.63 0.46 0.80 0.78 739 716 950 1039
31B 2.71 1.00 0.63 0.49 0.60 0.57 1016 1159 1034 1207
31C 6.16 1.50 0.61 0.48 0.53 0.48 1709 1793 1729 1933
32A 1.05 0.80 0.33 0.33 0.65 0.60 1560 2300 1500 1938
32B 3.25 1.00 0.16 0.15 0.09 0.14 1770 1813 1890 1870
32C 5.58 1.50 -0.06 -0.08 -0.15 -0.14 1777 1810 1910 1894
44C 8.41 1.50 1.91 1.73 1.80 1.73 1732 1178 1860 1861
45A 1.27 1.27 0.00 0.03 0.20 0.44 1281 1211 1635 1308
45B 2.88 1.00 -0.19 -0.22 -0.18 -0.14 1257 1182 1285 1210
45C 5.76 1.50 -0.42 -0.54 -0.50 -0.49 1170 1137 1212 1201
* Depth to water below ground-level (negative sign indicates water stands
above the ground surface).
** Electrical conductivity in milliSiemens per meter.
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Appendix 4.
Results of sampling for soil salinity in both treatment areas.
Site Treatment Surface 0 - 0.2** 0.2-0.4
1978 1980 1982 1978 1980 1982 1978 1980 1982
4 W* - - 0.01*** - 0.01 0.01 - 0.02 0.01
10 W 0.06 - 0.07 - 0.09 0.01 0.02 0.03 0.01
16 W 0.01 - 0.01 - 0.01 0.01 0.01 0.01 0.01
17 W 0.14 0.17 0.07 0.12 0.17 0.05 0.06 0.13 0.05
23 A 0.02 - 0.04 - 0.15 0.03 0.01 0.07 0.01
24 A 0.49 - 0.16 - 0.12 0.01 0.04 0.04 0.01
31 A 0.08 - 0.02 - 0.08 0.01 0.03 0.03 0.01
32 A 0.27 - 0.18 - 0.22 0.02 0.05 0.08 0.04
44 A 0.02 - 0.01 - 0.02 0.01 0.03 0.02 0.01
45 A 0.51 - 0.22 - 0.11 0.05 0.13 0.07 0.03
52.1 W - - 0.02 - 0.05 0.06 - 0.03 0.01
53 W - - 0.17 - 0.02 - - 0.01
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Site Treatment 0.4 - 0.6 0.6 - 0.8 0.8-1.0
1978 1980 1982 1978 1980 1982 1978 1980 1982
4 W - 0.02 0.01 - 0.03 0.01 - 0.05 0.02
10 W 0.05 0.04 0.01 0.04 0.05 0.01 - 0.01 0.01
16 W 0.01 0.01 0.01 0.02 0.01 0.01 0.02 0.01 -
17 W 0.14 0.17 0.07 0.12 0.17 0.05 0.06 0.13 0.05
23 A 0.04 0.07 0.01 0.08 0.11 0.02 0.19 0.11 0.02
24 A 0.05 0.04 0.01 0.04 0.06 0.01 0.06 0.09 0.02
31 A 0.05 0.05 0.01 0.03 0.04 0.01 - 0.03 0.01
32 A 0.12 0.10 0.03 0.10 0.10 0.04 0.09 0.08 0.02
44 A 0.08 0.06 0.01 0.12 0.10 0.01 0.17 0.11 0.02
45 A 0.09 0.06 0.04 0.07 0.05 0.02 0.07 0.06 0.01
52.1 W - 0.03 0.01 - 0.04 0.01 - 0.03 0.01
53 W - - 0.01 - - 0.01 - - 0.01
* W = Whittington ** Depth in metres
A = Department of Agriculture *** Salinity expressed as % Cl- on
a dry weight basis
